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I. Introduction
Equine herpesvirus-1 (EHV-1) is a critical equine viral pathogen that induces its real effect by initiating premature birth storms or sporadic premature births in pregnant mares, early neonatal deaths in foals, respiratory disease in foals and myeloencephalopathy [1] . EHV-9 is a new member of the equine herpes viruses. It was isolated for the first time from Thomson's gazelles (Gazella thomsonii) that died of fulminant encephalitis in a Japanese zoo [2, 3]. Gazelle was not considered a natural host of the isolated herpes virus, the reservoir of the virus is still unknown [4] .
GHV-1 was serologically closely related to EHV-1 and EHV-4 [2] . However, DNA fingerprints of GHV-1 with BamHI, BglII, and EcoRI were different from those of EHV-1 and other EHVs. DNA identity of GHV-1 was estimated to be about 95% to EHV-1 and EHV-8, and 60% to EHV-4, based on nucleotide sequences of the glycoprotein G gene and a conserved region of the glycoprotein B gene. Therefore GHV-1 has been established as a new equine herpes virus, (EHV-9) [4] . A new strain of EHV-1 was isolated from zebra. This strain, named "zebra-borne EHV-1", was also isolated from an onager and a gazelle in U.S.A from azoological gardens. The complete sequences of the genome of the 3 strains were determined. 99% identities was shared with each other, while they shared 98% and 95% identities with the horse isolated EHV-1 and EHV-9 respectively. These results confirmed that zebra-borne EHV-1 is a subtype of EHV-1 [5] . An acute and lethal infection of EHV-9, EHV-1 and Zebra borne EHV-1 via intranasal inoculation was performed in Syrian hamsters [4, 6] . Clinical signs of infected hamsters include the loss of bodyweight, nasal and ocular discharges, and apparent neurological symptoms. Therefore, the hamster is the best model for studying the pathogenesis and neurovirulence of theses neurotropic herpes viruses. Cytokines are small glycoproteins produced by many cell types, especially leukocytes that regulate immunity, inflammation and hematopoiesis. They regulate some physiological and pathological functions including innate immunity, acquired immunity and a plethora of inflammatory responses [7] . The role of cytokines in the pathogenesis of EHV-1and other herpes viruses were previously reported [8-10], but their role in the pathogenesis of EHV-9 and Zebra borne EHV-1 was not previously reported. Therefore, the aim of the present study is to illustrate the clinical role of the three cytokines (TNF-α, IFN-ƴ and IL-6) and compare their pattern in the pathogenesis of EHV-9, EHV-1 and Zebra borne EHV-1 after intranasal inoculation in hamster model.
II. Materials And Methods

1.Virus culture preparation.
MDBK cells were used for propagation of EHV-9, EHV-1 and Zebra borne EHV-1. The inocula were prepared by culturing the virus from original seed stocks of EHV-9, EHV-1 and Zebra borne EHV-1 (P20, 5th passage in MDBK cells) in MDBK cells respectively. The viruses were titrated by plaque forming assay on MDBK cells. The titer of virus suspension was 1 ×10 4 P.F.U /ml (Laboratory of Veterinary Microbiology, Gifu University, Japan).
Animals and experimental design.
Eighty four specific pathogen-free male Syrian hamsters (Mesocricetus auratus), 4 weeks old, were used in the study. The hamsters were purchased from a breeder (SLC Inc., Hamamatsu, Japan). The animal groups were acclimatized for two days before inoculation with virus, and were housed in an isolated biohazard cabinet, fed a basal diet of pellets (Oriental MF, Oriental Yeast Co., Tokyo, Japan) and allowed sterilized water ad libitum.
Hamsters were randomly divided into four groups; each group includes twenty one animals (Table 1) , with each group housed separately to prevent cross-infection. The first group served as control group; the second group received an inoculation of EHV-9; the third group received an inoculation of EHV-1 and the fourth group received an inoculation of Zebra borne EHV-1. The EHV-9, EHV-1 and Zebra borne EHV-1 infected groups were inoculated intranasally with 50 µl with 1 × 10 4 plaque forming units (pfu) of EHV-9 or EHV-1 or Zebra borne EHV-1 in solution, divided onto both nostrils while the animals were under deep anesthesia. The control group was inoculated with MEM-α medium. 
Clinical evaluation.
Hamsters were monitored three times daily for 7 DPI for any clinical signs and measured for their body weight gain.
Collection and processing of blood samples.
Three hamsters from each group were euthanized by intraperitoneal administration of pentobarbital sodium (100 mg/kg) on 1, 2, 3, 4, 5, 6 and 7 DPI. Blood samples were collected directly from the heart of each hamster at different time points, kept in epindorf tube without anticoagulant for separation of serum for detection of inflammatory cytokines (TNF-α, IFN-ƴ and IL-6).
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5.Enzyme-linked immunosorbent assay for the determination of cytokines levels in serum.
The level of TNF-α, IFN-γ and IL-6 were determined in the serum samples of infected hamsters at different time points and compared with the control (non-infected) hamsters at the same time points to determine differences between EHV-9, EHV-1 and Zebra borne EHV-1 infected groups in the induction of cytokines. We used a hamster TNF-α superfamily, member 2 ELISA kit, hamster IFN-γ ELISA kit (My Biosource Company, San Diego, California, USA) and hamster IL-6 ElIZA kits (CUSABIO). Each sample was tested in duplicate with a standard to obtain accurate results. The absorbance was measured by an iMark Microplate Absorbance Reader (Bio-Rad) using a dual wavelength measurement mode with a 450 nm filter and a 630 nm reference filter for TNF-α and using a single wave length for IFN-γ and IL-6 at 450 nm as recommended according to the kit inserts. An unknown concentration of the samples was obtained from the analysis of the standard curve on Microsoft Excel software 2010 using the following formula =IFERROR(TREND(A2:A8,B2:B8,B23),"").
Statistical analysis.
One-way analysis of variance was followed by Tukey Kramer's test via Graph Pad Prism version 5 was used for statistical analysis of changes in bodyweight gain and levels of serum cytokines (TNF-α, INF-ƴ, and IL-6). Comparisons were considered significant at P value ≤ 0.05.
III. Results
1.Clinical Findings.
Clinical signs in EHV-9, EHV-1 and Zebra borne EHV-1 were in the form of nervous and respiratory signs (depression, inappetance, nasal discharge, bilateral nasal hemorrhage, salivation, lack of coordination and periodic convulsions). EHV-9 infected group showed clinical signs at 3
rd DPI in about fourteen animals then clinical signs include all the animals at 4 th DPI. Clinical signs were more severe than both EHV-1 and Zebra borne EHV-1 infected groups as they developed to lateral recumbancy and coma then death of six animals; one at 4 th DPI at 2 nd 12h and five animals at 5 th DPI. While EHV-1infected group showed clinical signs at 4 th DPI in eleven animals from twelve then include all animals at 2 nd 12h of the same day. However, Zebra borne EHV-1infected group showed clinical signs at 4 th DPI in three animals from nine at 2 nd 12 hr then increased to seven from nine at 5 th DPI then include all the animals at the rest of days post infection. The number of affected animals out of live animals at each day of the experiment (table 2) .
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IV. Discussion
Clinically, EHV-9 infected group showed the clinical signs earlier (3 rd DPI) than both EHV-1 and Zebra borne EHV-1 infected groups (1 st 12h and 2 nd 12h at 4 th DPI respectively). Clinical signs were more severe and progressive in EHV-9 infected group than other two infected groups. Mortalities were observed in EHV-9 infected group and not observed in both other two infected groups as showed in table 2. Although previous studies reported that Zebra borne EHV-1 is more virulent clinically than EHV-1 in experimental infection of hamsters [6], our results confirm that EHV-1 is slightly more virulent clinically than Zebra borne EHV-1 and EHV-9 is highly virulent clinically than both EHV-1 and Zebra borne EHV-1. This the first report comparing the virulence of those three important herpes viruses.
EHV-9 infected group showed significant reduction (P≤ 0.05) in body weight gain compared to both EHV-1 and Zebra borne EHV-1infected groups respectively and EHV-1infected group showed significant reduction (P≤ 0.05) in body weight gain compared to Zebra borne EHV-1infected group ( fig. 1, 2) . The decrease in body weight gain due to EHV-9 infection is in accordance to those obtained by [4, 11-13]. Both EHV-1 and Zebra borne EHV-1infected groups showed weight loss at 5 th DPI reaching maximum weight loss at 7 th DPI. These results were in accordance with [6, 14] . Therefore, we suggest that, the decrease in body weight gain was mainly due to in appetence and dehydration, which resulted from severe tremors, convulsions, and recumbency. This was confirmed by observations of an empty stomach and distended gall bladder during the necropsy.
Cytokine-mediated immunity plays an important role in the pathogenesis of many diseases including infectious and autoimmune diseases [15] . Cytokines profile evaluation and their role in the pathogenesis of herpes viruses is previously reported in EHV-1 neuropathogenesis [10, 16], but not previously reported in EHV-9 and Zebra borne EHV-1 pathogenesis, So in this experiment we investigate and compare the role of TNF-α, IFN-ƴ and IL-6 in the pathogenesis of EHV-1, EHV-9 and Zebra borne EHV-1.
Our results revealed that, Serum TNF-α level in EHV-9, EHV-1 and Zebra borne EHV-1infected group was significantly increased (P≤ 0.05) starting from 3 rd DPI until the end of experiment compared to the control group. There was a significant increase (P≤ 0.05) in serum TNF-α level in EHV-9 infected group compared to both EHV-1 and Zebra borne EHV-1 infected group at both 3 rd and 5 th DPI. In EHV-9 infected group, necropsy was ended by the 5 th DPI as the animals did not survive until 6 th DPI, so no blood samples collected after 5 th DPI. Both EHV-1 and Zebra borne EHV-1 infected animals survive until the end of experiment as they showed decrease in serum TNF-α level at 6 th and 7 th DPI compared to 5 th DPI (fig. 3A, B) . The significant increase in TNF-α in the three groups of infected animals may be responsible for the signs of encephalitis and the decreased body weight gain as TNF-α act as an endogenous pyrogen on cells in hypothalamic regulatory regions of the brain inducing inflammation (heat, swelling, redness), fever and suppresses appetite [7] . The significant increase in TNF-α in EHV-9 infected group compared to both other two infected groups may explain the severe and progressive clinical signs compared to the other two infected groups.
In addition to, serum IFN-ƴ level in EHV-9, EHV-1 and Zebra borne EHV-1infected group was significantly increased starting from the 2 nd DPI to the 5 th DPI compared to the control group. EHV-9 infected group showed a significant increase (P≤ 0.05) in serum IFN-ƴ level compared to both EHV-1 and Zebra borne fig.4 A,B) . IFN-γ modulates a number of components of the immune response. IFN-γ is produced by activated T lymphocytes (TH1 and CD8+ cells), NK cells, B cells and NKT cells. It promotes the activity of cytolytic T lymphocytes, macrophages and NK cells. The early host defense against infection is likely to utilize IFN-γ secreted by NK and professional APCs. In acquired immune responses, T lymphocytes are the major source of IFN-γ [7] . IFN-γ induction is increased after EHV-1 infection especially in non vaccinated ponies as protective immunity to infection [16] , this report is in accordance to our results for the three groups of infected animals. IFN-γ augments TNF-α synthesis and both mediate many aspects of the disease, both TNF-α and IFN-γ are directly toxic to oligodendrocytes and can stimulate others local inflammatory cytokine production [17 -19] .
The decreased level of TNF-α and non significant change in serum IFN-ƴ level in both EHV-1 and Zebra borne EHV-1infected group compared to the control group at 6 th and 7 th DPI may indicate low propagation of virus and possibility of virus clearance. This is in accordance with [20, 21] as they reported an increase in TNF-α and IFN-ƴ in the first days following infection with EHV-1 in ponies coincide with onset of fever, viremia and the onset of respiratory manifestation followed by decreased level may reach baseline when fever subsides.
IL-6 is known to play an important role in initiating and maintaining inflammatory responses during infection as well as autoimmune diseases [22] . Serum IL-6 level in EHV-9, EHV-1 and Zebra borne EHV1infected group was significantly increased (P≤ 0.05) starting from the 3 rd DPI until the end of the experiment compared to the control group. EHV-9 infected group showed significant increase (P≤ 0.05) in serum IL-6 compared to both EHV-1 and Zebra borne EHV-1 at 4 th DPI, but EHV-9 infected group showed significant increase (P≤ 0.05) in serum IL-6 compared to Zebra borne EHV-1 at 5 th DPI( fig. 5A,B) . IL-6 could have a role in the neuropathology, its expression increases following axonal damage, mainly in neurons and in the presence of IFN-ƴ and TNF-α 
V. Conclusion
From the previous results, we can conclude that EHV-9 is more virulent clinically than both EHV-1 and Zebra borne EHV-1 and EHV-1 is slightly more virulent clinically than Zebra borne EHV-1. Cytokines (IFN-ƴ , TNF-α and IL-6) have an important role in the pathogenesis of the three herpes viruses and EHV-9 is more virulent in induction of the three cytokines than both EHV-1 and Zebra borne EHV-1, Further studies are necessary to detect additional cytokines that contribute to the pathogenesis of EHV-9, EHV-1 and Zebra borne EHV-1.
